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Abstract 
Four hundred and twenty-seven amphibian species are critically endangered. The 
fungal disease Batrachochytrium dendrobatidis (Bd) has been correlated with amphibian 
decline and extinction. Numerous studies concerning the nature of Bd have been 
conducted; however, additional studies are needed to adequately evaluate Bd in 
southeastern Tennessee. As a result of previous studies, the following hypothesizes were 
proposed: watercourses in southeastern Tennessee will test positive for Bd, non-impacted 
streams will have a greater presence of Bd than impacted streams, and increased canopy 
coverage has a positive correlation with the presence of Bd. Field sampling took place 
from June 2nd 2016 to August 8th 2016 at four different watercourses: Stringer’s Branch, 
Ryall Springs Brach, South Suck Creek, and Prentice Cooper Wildlife Management Area. 
DNA was extracted from 48 Plethodontid swabs with the animal tissue protocol from the 
DNeasy Blood and Tissue Kit. The results, run in triplicate, indicate that three samples of 
the species Eurycea wilderae, Eurycea cirrigera, and Desmongnathus monticola were 
positive for Bd. The positive samples indicate Bd prevalence in Stringer’s Branch and 
PCWMA’s Crater Lake.  
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Chapter One 
I. Introduction 
Four hundred and twenty-seven amphibian species are critically endangered, and 
nine amphibian species have become extinct since 1980 (Stuart et al. 2004). The pressure 
of disease, specifically Batrachochytrium dendrobatidis (Bd), has been correlated with 
amphibian decline and extinction (Seimon et al. 2015). Bd (chytrid fungus) is a fungal 
infection that causes chytridiomycosis (Murray et al. 2009).  
Bd is of the kingdom Fungi, phylum Chytridiomycota, class Chytridiomycetes, 
order Chytridiales, family Chytridiaceae, and genus Chytridium (National Center for 
Biotechnology Information). The genus Chytridium is further divided into five species: 
Chytridium lagenaria, Chytridium olla, Chytridium polyiphoniae, Chytridium sp. DU-
DC2, Chytridium sp. JEL341(National Center for Biotechnology Information). The exact 
strains of Bd found in this study are not known because a morphological assay of the 
zoospores must be done in order to define the taxonomic classification of Bd present 
(Berger et al. 2005) 
 Bd has two life stages: a motile flagellated zoospore and a sporangium (Berger et 
al. 2005; Rosenblum et al. 2010; Voyles et al. 2011). Bd is found in the keratinized 
epidermis layer of amphibians, but the zoospores first attack the deeper epidermal layers 
and move superficially with the epidermal layers until more zoospores are able to be let 
out into the water again via discharge tubes (Berger et al. 2005; Voyles et al. 2011). Bd is 
thought to first invade the amphibian epidermal layer with the help of digestive enzymes 
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(Berger et al. 2005; Voyles et al. 2011). Amphibian skin regulates the exchange of gases, 
water, and electrolytes while maintaining osmoregulation, thermoregulation, and 
electrolyte homeostasis (Whittaker et al. 2011; Campbell et al. 2012; Rosenblum et al. 
2010). Voyles et al. (2007) suggests that Bd is lethal to amphibians because the 
keratinization disrupts sodium and potassium ion channels on cellular membranes leading 
to decreased amount of electrolytes available to the amphibian. Disruption of electrolyte 
channels can be lethal because these channels play an important role in membrane 
osmoregulation and action potentials in smooth and cardiac muscles (Voyles et al. 2007).  
Bd is believed to have originated in Africa and then to have been subsequently introduced 
to new areas (Murray et al. 2009).  
Bd is considered one of the biggest threats to vertebrate biodiversity due to its 
ability to spread among a range of hosts, infect larval and adult amphibians, and persist in 
the environment for an extended amount of time (Murray et al. 2009). Bd is also unique 
because there is a negative correlation with survival even after Bd has been present in a 
population for several generations (Phillott et al. 2013). Southeastern Tennessee is a 
hotspot for biodiversity (Rothermel et al. 2009; Wilson et al. 2015); therefore, in order to 
protect the biodiversity in southeastern Tennessee further research needs to be conducted 
to learn about Bd— one of the major threats to population level biodiversity alongside 
habitat loss (Becker et al. 2012; Phillott et al. 2013). 
Numerous studies concerning the nature of Bd have been published; however, 
additional studies are required to comprehensively evaluate Bd in southeast Tennessee and 
other areas around the globe. A previous study done in southeastern Tennessee found the 
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prevalence of Bd to be 5.88% and 38.46% in L. catesbeiansus (American Bullfrog) and L. 
calmitans (Green Frog)—two species of frogs from the family Ranidae (Wilson et al. 
2015). Research shows that two target species of frogs living in the same habitat differ in 
Bd susceptibility, and there is not a clear pattern beyond the variation in resistance in 
anurans (Gervasi et al 2013; Wilson et al. 2015). The study recognizes the limitations 
seasonally, taxonomically, and geographically of the research (Wilson et al. 2015). 
Therefore, the authors suggest that following studies should take a more integrative 
approach to obtain more conclusive results (Wilson et al. 2015). As a result, this study 
includes sampling of range of Plethodontid salamanders over an extended period of time 
earlier in the season and in a range of habitat structures across the greater Chattanooga 
metropolitan area.   
A study conducted by Saenz et al. (2015) in Texas looks into the effects that 
urbanization has on Bd. Saenz et al. (2015) states that their results suggest that urban 
watercourses provide an environment where amphibian assemblages can escape the effects 
of Bd. The prevalence of Bd in urban areas was 19.5% whereas in forested sites the 
incidence was 62.9% (Saenz et al. 2015). Saenz et al. 2015 mentions that the 
anthropogenic effects of urbanization work against the fungal pathogen, Bd, possibly in a 
similar way that certain chemicals, such as sodium chloride, also have the ability to inhibit 
Bd (Saenz et al. 2015). The researchers (Saenz et al. 2015) make an the interesting 
comment that the findings of their study support the paradox that urbanization may have a 
negative impact on Bd if the species are first able to withstand the effects of urbanization. 
The researchers admit that further studies should be done to evaluate their claim that urban 
areas have a negative correlation with Bd; therefore, this study will also seek to evaluate 
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the prevalence of Bd in impacted and non-impacted watercourses to test the claim of 
Saenz et al. (2015). 
The general prevalence of Bd in the United States and the environments that 
encourage Bd are not fully understood. Another metric that can be used to correlate the 
prevalence of Bd is habitat structure or canopy coverage. A study conducted in New York 
found Bd present on anurans at all of their study sites (Becker et al. 2012). The researchers 
note that canopy density is the best indicator of Bd prevalence and that a greater density of 
canopy cover causes lower water temperatures ideal for Bd; therefore, high canopy cover 
indirectly results in a greater prevalence of Bd (Becker et al. 2012). As a result, this study 
also assessed canopy cover density associated with the prevalence of Bd to see if the 
findings of Becker et al. (2012) are held up with Plethodontidae in southeast Tennessee.  
Another study (Raffel et al. 2010) completed in Pennsylvania also suggests that 
increased canopy cover promotes the presence of Bd. The findings from Raffel et al. 
(2010) support the idea that focusing on more shaded areas of watercourses could be an 
effective Bd management protocol. Therefore, it is necessary that this study assess the 
correlation of canopy cover and Bd in order to add to the reservoir of knowledge about 
ways to control and inhibit the spread of Bd with the hopes of protecting amphibian 
biodiversity. 
Due to the results from earlier studies (Becker et al. 2012; Gervasi et al 2013; 
Raffel et al. 2010; Saenz et al. 2015; Wilson et al. 2015), this study will address the 
following hypothesizes: 
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1. Watercourses in southeastern Tennessee will test positive for Bd.  
2. Non-impacted streams will have a greater presence of Bd than impacted 
streams.  
3. Increased canopy coverage will have a positive correlation with the presence 
of Bd.  
II. Methodology 
Ethics Statement 
Before the start of data collection, proper permits and training were obtained or 
completed. In March, animal use training was completed via the online Collaborative 
Institutional Training Initiative (CITI) on March 16th 2016. The University of Tennessee at 
Chattanooga’s Institutional Animal Care and Use Committee (AUP #: 0408) approved of 
the research and associated IACUC training. A Scientific Collection Permit was awarded 
from the Tennessee Wildlife Resources Agency (Permit number: 3082) for working with 
amphibians in the state of Tennessee.  
Study Area 
Initially, this study had a goal of surveying six streams; however, two of the target 
streams were not productive and were removed from this study. Friar Branch and 
Mountain Creek were the two unproductive watercourses removed from this study. Friar 
Branch was surveyed once, June 2nd 2016. Approximately 12 American Bull Frog 
(Lithobates catesbianus) were seen, no salamanders were visualized, but none of the 
American Bull Frogs were caught or surveyed for this study. As a result, no samples were 
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taken from Friar Branch. Friar Branch is hypothesized to be lacking salamanders because 
the watercourse was the dried-up. Mountain Creek was also surveyed once, July 1st, but no 
salamanders were observed. Therefore, no samples were taken at Mountain Creek for this 
study. Mountain Creek is thought to be unproductive because of the habitat surrounding 
the watercourse. All of the productive watercourses were lined with medium sized rocks, 
leaves, and coarse woody debris for the salamanders to hide under; however, the section 
of Mountain Creek that was surveyed was only surrounded by small pebbles that were not 
suitable for salamanders to hide under. See Table 1 for the exact location, classification, 
and the date each target watercourse was visited.  
The four productive watercourses were: South Suck Creek, Stringer’s Branch, 
Ryall Springs Brach, and Prentice Cooper Wildlife Management Area. At the time of the 
collection, Ryall Springs Branch was thought to be Hurricane Creek until later defined 
based on TDEC (TDEC 2016). Therefore, the prevalence of Bd and its habitat associations 
were contrasted across two impacted and two non-impacted watercourses. Watercourses 
for this study were classified as impacted due to being located in a high-density urbanized 
area, impacted by anthropogenic activities, and contaminated with pollutants noted by 
TDEC (2016). Watercourses were classified as non-impacted because they were listed as a 
“known exceptional Tennessee waters and outstanding national resource waters” by 
standards set by the Tennessee Water Quality Control Board (TN Department of 
Environment & Conservation).  Stringer’s Branch is classified by TDEC (2016) as 
impacted because of the E. coli (Escherichia coli) contamination, anthropogenic substrate, 
and possible sewer overflow. Ryall Springs Branch has not yet been classified by TDEC 
(2016); however, Mackey Branch, which flows into Ryall Springs Branch, was classified 
PREVALENCE	  OF	  BATRACHOCHYTRIUM	  DENDROBATIDIS	  (BD)	  IN WATERCOURSES 
SITUATED IN SOUTHEAST TENNESSEE 
18	  	  
as impacted. Therefore, Ryall Springs Branch was also classified as impacted based on the 
physical habitat altercation and E. coli (Escherichia coli) contamination found in Mackey 
Branch. The watercourses within Prentice Cooper Wildlife Management Area and South 
Suck Creek are considered to be non-impacted because the TN Department of 
Environment & Conservation classifies these watercourses as “known exceptional 
Tennessee waters” (TN Department of Environment & Conservation) See Figures 1-5 for 
maps of each productive watercourse surveyed. Appendix C includes photographs of the 
representative habitats that serve as a habitat reference.  
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Table 1: The List of Watercourses Surveyed Described with County, Coordinates, 
Impacted vs. Non-impacted Classification, Dates Surveyed, and the Total Number 
of Samples Collected at each Site 
 
 
 
Location County Longitude 
and Latitude 
Classification Dates 
Surveyed  
Number 
of 
Samples 
Collected 
Stringer’s 
Branch 
Hamilton 35.084438,               
-85.316971 
Impacted 6/18/16, & 
7/716 
9 
Ryall Springs 
Branch 
Hamilton 35.003438,               
-85131705 
Impacted 6/2/16 & 
6/21/16 
11 
South Suck 
Creek 
Marion 35.153069,                   
-85.394566 
Non-impacted 7/1/16, & 
8/8/16 
8 
Prentice 
Cooper 
Wildlife 
Management 
Area 
Marion 35.152828,               
-85.131705 
Non-impacted 6/14/16 & 
6/24/16 
18 
Friar Branch Hamilton 35.077021,               
-85146109 
Impacted 6/2/16 0 
Mountain 
Creek 
Hamilton 35.111265,               
-85317887 
Non-impacted 7/7/16 0 
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Figure 1: A Map of Chattanooga with the four productive waterstreams labeled with a 
star. 
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Figure 2: A zoomed in visual of the watercourses within Prentice Cooper Wildlife 
Management Area labeled with a red star. 
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Figure 3: A zoomed in visual of South Suck Creek labeled with a yellow star. 
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Figure 4: A zoomed in visual of the Stringer’s Branch labeled with a purple star. 
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Figure 5: A zoomed in visual of Ryall Springs Branch labeled with an orange star. 
 
 
 
 
 
 
 
 
 
 
PREVALENCE	  OF	  BATRACHOCHYTRIUM	  DENDROBATIDIS	  (BD)	  IN WATERCOURSES 
SITUATED IN SOUTHEAST TENNESSEE 
25	  	  
Study Animals 
The genera, within the family Plethodontidae, collected during field surveys 
included Desmognathus, Eurycea, and Pseudotriton. The family Plethodontidae is called 
the lungless salamander family and also happens to be the largest family with three 
hundred and seventy-six species or more (Larson et al. 2006). Many members of the 
family Plethodontidae have a semi-aquatic life history, except species in the genus 
Plethodon, with aquatic larvae with gills and adults with a range of terrestrial and aquatic 
habitat preferences (Larson et al. 2006). The family Plethodontidae is widely distributed in 
eastern and western North America, Central America, South America, southern Europe, 
Sardinia, and Korea (Larson et al. 2006; Petranka 1998). 
Field Work 
Surveys 
Field sampling for amphibians took place from June 2nd 2016 to August 8th 2016 in 
the following watercourses: South Suck Creek, Stringer’s Branch, Ryall Springs Brach, 
and Prentice Cooper Wildlife Management Area. The field survey times ranged from 
0830-1900 with an average of three hours and twenty minutes for each survey. There was 
an average of twenty-two days between the two site visits, and there was a range from 10 
to 38 days between visits to the same site. The dates and times of sampling were chosen 
based on optimization, weather, and logistical issues. The animals were not marked after 
each capture, so in an attempt not to resample the same animals, different parts of the 
watercourses were surveyed each time. However, there is still a possibility that the same 
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animal could have been sampled twice, but based on the sampling scheme, morphometrics 
and environmental conditions this is unlikely. 
The total sample size of forty-six Plethodontidae can be divided into: Eurycea 
wilderae (1), Pseudotriton ruber (1), Desmognathus fuscus (3), Desmognathus ocoee 
complex (4), Desmognathus monticola (8), Desmognathus contanti (12), and Eurycea 
cirrigera (17). One specimen was not pictured because it was an unidentified specimen 
from Stringer’s Branch; hence, it was not included in the analysis. In addition to these 
samples, crayfish were also sampled opportunistically during field surveys. These efforts 
yielded five crayfish that were swabbed; however, they are not pictured or accounted for 
in the tables because they were not used in this analysis. All of the species were identified 
in the field based on morphological characteristics, associated habitat, and known range. 
Beyond that, all specimens were photographed to assist in creating digital vouchers that 
were cross-referenced with AmphibiaWeb and the Tennessee Amphibian Atlas (See 
Appendix A for photographs; See Tables 2-5 for the details of samples collected at each 
site). 
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Table 2: A Description of the Surveys completed at Stringers Branch including the: Date 
visited, Common Name of the specimen, Species Name, and Number of each 
Species Collected 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Date Common 
Name 
Scientific 
Name 
Number 
Encountered 
6/18/16, 7/7/16 Southern Two-
lined 
Eurycea 
cirrigera 
7 
7/7/16 Seal 
Salamander 
Desmongnathus 
monticola 
2 
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Table 3: A Description of the Surveys completed at Ryall Springs Branch including the: 
Date visited, Common Name of the specimen, Species Name, and Number of each 
Species Collected 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Date Common 
Name 
Scientific 
Name 
Number 
Encountered 
6/02/16, 
6/21/16 
Southern Two-
lined 
Eurycea 
cirrigera 
4 
6/02/16 Dusky 
Salamander 
Desmongnathus 
fuscus 
1 
6/02/16, 
6/21/16 
Seal Desmongnathus 
monticola 
2 
6/21/16 Ocoee 
Salamander 
Desmongnathus 
ocoee 
4 
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Table 4: A Description of the Surveys completed at South Suck Creek including the: Date 
visited, Common Name of the specimen, Species Name, and Number of each 
Species Collected 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Date Common 
Name 
Scientific 
Name 
Number 
Encountered 
 7/1/16 Southern Two-
lined 
Eurycea 
cirrigera 
6 
8/8/16 Dusky 
Salamander 
Desmongnathus 
fuscus 
2 
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Table 5: A Description of the Surveys completed at Prentice Cooper Wildlife Management 
Area including the: Date visited, Common Name of the specimen, Species Name, 
and Number of each Species Collected 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Date Common 
Name 
Scientific 
Name 
Number 
Encountered 
6/14/16 Red 
Salamander 
Pseudotriton 
ruber 
1 
6/14/16 Blue Ridge 
Two-lined 
Eurycea 
wilderae 
1 
6/14/16 Seal 
Salamander 
Desmongnathus 
monticola 
4 
6/14/16, 
6/24/16 
Spotty Dusky 
Salamander 
Desmongnathus 
conanti 
12 
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Bd Collection 
At each site, measures were taken to provide an aseptic collection technique to 
ensure that the possibility of cross contamination was eliminated. Before and after 
entering each site, boots and all equipment were sprayed with an approved disinfectant to 
minimize the tracking of Chytrid Fungus in or out of each site. While collecting, 
Fisherbrand powder-free Nitrile gloves were worn. Power free nitrile gloves were changed 
and discarded between each specimen. When a Plethodontidae was spotted after gently 
turning over rocks and logs, the specimen was captured by hand with a small net or by 
leading them into the opening of a polyethylene plastic bag. Each specimen was placed 
individually in to its own bag. A Bag was disposed of after its one-time use. While the 
specimen was in the bag, the following morphological measurements were taken: total 
body length, tail length, snout-vent length, and head-width maximum. Also while in the 
bag, the specimen was swabbed on its ventral side of the abdomen, neck, chin, feet and 
tail for 45 seconds (Chatfield et al. 2012; Wilson et al. 2015). Individually packaged 
sterile Fisherbrand Polyester-Tipped Applicators with plastic shafts were used for 
swabbing. After the specimen had been measured and swabbed, the specimen was 
released immediately at the site of capture. The swabs’ plastic shafts were removed, so 
that the polyester tip could be stored into 2.0 ml microcentrifuge tubes containing 1.0 mL 
of 70% EtOH (Wilson et al. 2015). The microcentrifuge tubes were labeled and stored in a 
-80°C freezer until analysis (Wilson et al. 2015).  
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Habitat Metrics 
After each capture, habitat metrics were recorded and these include: overstory 
canopy readings via a densitometer (Forest Densitometers, Spherical Densitometer, 
Model-C) and ground cover readings via 1m2 frame. The 1m2 apparatus was made out of 
four 1m PVC pipes shaped in square with one hundred grids on the inside made out of 
string. The 1m2 frame was placed on the ground to take habitat readings. Each square grid 
inside the 1m2 PVC frame was considered to be one percent of the represented described 
habitat. Densitometer and habitat coverage readings were also taken at a random angle and 
random pace from the site of capture. The random angles and number of paces were 
generated with an application on an iPhone (The Random Number Generator, Dean, N., 
Version 4.3, 2016). The random numbers application was set for a range of numbers from 
0-360 for the angle and 1-30 for paces. The number of paces was then converted to meters 
by measuring how many paces I took in 1 meter (See Appendix B for a complete 
summary of the densitometer and ground habitat readings). The mean, median, mode, 
range, variance, and standard deviations were calculated from the densitometer readings to 
describe the canopy cover of each collection site.  
Laboratory Methods- 
DNA Extractions 
In January of 2017, all of the samples were dried in a SpeedVac Concentrator 
(Thermo Fisher Scientific, Savant DNA120, Cat. No. DNA120-115). Due to the reviews 
from previous studies (Bletz et al. 2015; Chatfield et al. 2012; Cheng et al. 2011; Hossack 
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et al. 2011; Kosch et al. 2013), Bd DNA was extracted from the spores found on the swabs 
with the Animal Tissue protocol from the DNeasy Blood and Tissue Kit (DNeasy Blood 
& Tissue Kit (250), Cat. No. 69506, Qiagen, Inc., Valencia, CA). The Animal Tissue 
protocol was performed as written in the manual (Qiagen 2006); however, the 
centrifugation at the elution step was extended by one minute to ensure maximum amount 
of DNA concentration in the product. The extracted DNA was kept at -20°C in two 
different 200µl of AE elution buffer. 
Quantification 
Both of the product elutions were quantified with a Spectrometer (Thermo 
Scientific, NanoDrop 2000C, Cat. No. ND-2000C; Waltham, MA, USA; Wilson et al. 
2015). The elution of each sample for the PCR assay was chosen based on the 260/280 
ratio. A 260/280 absorbance ratio of ∼1.8 is considered “pure” DNA (Thermo Scientific n. 
d.; Qiagen 2006). See Appendix D for the concentrations and absorbances of each of the 
elution. A 260/280 ratio lower than 1.8 can be due to a phenol contamination, 
contamination of one of the other reagents used for extraction, or a low DNA 
concentration (>10 ng/µl) (Thermo Scientific, n. d.). A 260/280 ratio Higher than 1.8 does 
not automatically mean there was a problem with extraction (Thermo Scientific n. d.). 
PCR 
Polymerase Chain Reaction (PCR) was carried out using 30 cycles on a Thermal 
Cycler (Px2 Thermal Cycler, SN: PX210785 Thermo Electron Corporation, Milford, MA, 
USA). Each sample was run in triplicate to obtain confidence in the results (Monsen-
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Collar et al. 2010; Wilson et al. 2015). The PCR assays consisted of 20µl of solution 
containing: 0.5µl of each primer (Eurofins), 4µl of 5x Green Reaction Buffer (Promega), 
1µl 10mM dNTP Mix (Promega), 13.7µl of sample DNA, and 0.3µl DNA Polymerase 
(Promega). The maximum amount of sample DNA, 13.7µl, was used to maximize the 
possible presence of Bd DNA (Monsen-Collar et al. 2010). The positive control contained 
the same ingredients except: 0.5µl of chytrid positive plasmid and 13.2µl diH20 instead of 
the 13.7µl of sample DNA. The negative control contained the same ingredients as above 
except: 13.7µl of diH20 instead of any DNA. Based on previous studies (Bletz et al. 2015; 
Hossack et al. 2010), the sequence of the two primers used are: ITS1-3 Chytr (5’-
CCTTGATATAATATGTGCCATATGTC-3’) and 5.8S Chytr (5’-
AGCCAAGAGATCCGTTGTCAAA-3’). The amplified DNA was divided into pieces by 
gel electrophoresis with a 0.8% Agarose concentration. Each Agarose Gel Electrophoresis 
included a λ/ hindIII ladder (Thermo Fisher Scientific, Lambda DNA/HindIII Marker, Cat. 
No. SMO101: Waltham, MA, USA) positive control, negative control, and field collected 
samples. 
Statistical Analysis 
The observed prevalence of Bd found in this study was compared to an expected 
value via the Chi-Square Goodness of Fit Test (Robert and Roholf 1995; Wilson et al. 
2015). The expected value of Bd prevalence was obtained as an average of the results of 
five Bd studies completed in the Southeast (Chatfield et al. 2009; Davis et al. 2012; 
Rollins et al. 2013; Rothermel et al. 2008; Wilson et al. 2015). Chatfield et al. (2009) 
found the prevalence of Bd to be 1.6% in common toad larvae and 3.7% in Wood Frog 
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larvae (Lithobates sylvaticus). The average of the two percent prevalence values was taken 
resulting in 2.6% Bd presence in the Great Smokey Mountains located in North Carolina 
and Tennessee (Chattfield et al. 2009).  Davis et al. (2012) consists of eleven Bd positive 
Fowler’s Toad (A.fowleri) out of one hundred and fifty-nine A.fowleri from Memphis, TN. 
Therefore, the presence of Bd in Davis et al. (2012) is 6.9%. Rollins et al. (2013) detected 
a 0% prevalence of Bd in twenty-five samples of Anurans and Caudates in the area of the 
Southern Appalachia in Tennessee. Rothermel et al. (2008) found a 5.5% prevalence of Bd 
in Caudates across the southern states of Tennessee, Mississippi, North Carolina, Georgia, 
and Louisiana. Wilson et al. (2015) found the prevalence of Bd in Chattanooga, Tennessee 
to be 16.8% in L. catesbeianus and L. calmitans (Wilson et al. 2015). The average value 
of the five studies provided an expected prevalence value of 5.9%. Therefore, 5.9% of 
forty-six, the sample size of this study, was taken to find the exact expected numerical 
value. As a result, the expected value in the Chi-Square Goodness of Fit Test was 2.714 
positive samples. A Yates’ correction for continuity (Sokal and Rolf 1995; Wilson et al. 
2015) was also preformed because the expected value in the Chi-Square Goodness of Fit 
Test was less than five. Then the DiGiacomo and Koepsell’s (1986) equation (C = 1- (1-
p)n ) was also used to calculate the probability (C) of one amphibian testing positive for 
Bd in a given sample size (n) with the occurrence of Bd (p) at 0.05 (see Canessa et al. 
2013; Wilson et al. 2015).  
The percent open canopy coverage at each site was also statistically analyzed by 
finding the mean, median, mode, range, variance, and standard deviation. Correlation of 
the presence of Bd with canopy coverage was obtained by comparing the average canopy 
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coverage of watercourses that tested positive for Bd against the canopy coverage of 
watercourses that tested negative for Bd. 
III. Results 
I extracted DNA from each sample and then PCR was preformed three separate 
times on each sample. By running each sample in triplicate, I found and verified three of 
the 46 Plethodontidae swabs positive for Batrachochytrium dendrobatidis. Therefore, this 
study detected a 6.5% prevalence of Bd in watercourses of southeastern Tennessee (See 
Figure 6 and Figure 7 for examples of each positive result on a gel). The three positive 
samples were Eurycea wilderae, Eurycea cirrigera, and an immature Desmongnathus 
monticola. The Eurycea wilderae was from the non-impacted watercourse Prentice 
Cooper Wildlife Management Area’s Crater Lake on June 14th 2016. The Eurycea 
cirrigera and Desmongnathus monticola were both from the impacted watercourse 
Stringer’s Branch on July 7th 2016. The observed prevalence of Bd found in this study was 
compared to an expected value via the Chi-Square Goodness of Fit Test (X2= 0.0301, p= 
0.862264; Robert and Roholf 1995; Wilson et al. 2015). A Yates’ correction for continuity 
was preformed to correct for the expected value being less than five (X2= 0.01687, 
p=0.896871; Sokal and Rolf 1995; Wilson et al. 2015). From the DiGiacomo and 
Koepsell’s (1986) equation, a probability of 90.1% was calculated.  
The analysis of the canopy cover readings suggest that of the four watercourses 
surveyed, South Suck Creak has the most open canopy, 38.96% open, and Prentice Cooper 
Wildlife Management Area has the least open canopy, 5.32% open. The three positive 
samples came from the two watercourses with the least open or most closed canopy—
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Prentice Cooper Wildlife Management Area and Stringers Branch. Prentice Cooper 
Wildlife Management Area’s mean percent open canopy coverage is 5.32± 2.48%. 
Stringers Branch’s mean percent open canopy is 5.66± 2.52% (See Table 6 for the 
complete analysis of the percent open canopy coverage at each site). 
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Figure 6: An example of a gel with a positive control, negative control, and samples. 
Sample number 14 is positive. 
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Figure 7: An example of a gel with a positive control, negative control, and samples. 
Samples number 53 and 54 are positive. 
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Table 6: The Mean, Median, Mode, Range, and Standard Deviation of the Percentage 
Open Canopy Coverage at each Site. The Standard Deviation vales are still 
percentage value even though the percentage symbol is not listed. 
Location Mean Median Mode Range Standard 
Deviation 
South Suck 
Creek 
38.96% 50.83% 1.82% 1.82%-65.82% +/-26.72 
Stringers Branch 5.66% 3.38% 3.38% 3.38%-13.52% +/-2.52 
Ryall Springs 
Branch 
6.73% 7.80% 0.26% 0.24%-15.6% +/-4.08 
PCWRA 5.32% 5.98% 5.98% 1.3%-11.18%  +/-2.48 
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IV. Discussion 
The goals of this study were to test for the prevalence of Bd in southeast Tennessee 
and to document the possible association of Bd and canopy cover. This study detected Bd 
at a 6.5% rate in Plethodontidae located in two of four watercourses tested in southeast 
Tennessee. A p-value (p=0.896871) larger than 0.05 suggests that there is not a significant 
difference from the observed Bd prevalence found in this study and the expected 
prevalence value found in the literature for the southeast. Therefore, the findings of this 
study parallel the current published literature for Bd prevalence for the southeast. The data 
set could be pooled for analysis because of the similarities of the life history traits of the 
lungless salamanders. From the DiGiacomo and Koepsell’s (1986) equation, a probability 
of 90.1% was calculated. Therefore, if Bd was present at a 5% prevalence, I am 90.1% 
confident that I would have found at least one positive Plethodontidae. This study found a 
6.5% Bd prevalence, and I did in fact find at least one positive Plethodontidae. The results 
of this study suggest a low prevalence of Batrachochytrium dendrobatidis; however, non-
detection in some watercourses does not always mean not prevalent. The heat during the 
time of sampling could be a reason for the low prevalence of Bd found because the 
optimal temperature range for Bd is 4°C- 25°C (AmphibiaWeb 2017). The temperature 
during the time of sampling ranged from 21°C- 34°C; therefore, future studies with a 
larger habitat range, species range, and under a more optimal temperature range are 
needed and required to better define the trend of Batrachochytrium dendrobatidis 
Southeast Tennessee. 
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The three positive Plethodontidae species found in this study have also been 
documented as Bd positive species in other studies as well (Byrne et al. 2008; Hossack et 
al. 2010; Parrott et al. 2016). One of the positive samples for Bd came from a Eurycea 
cirrigera, and a study conducted in Alabama also suggests a prevalence of Bd in Eurycea 
cirrigera (Byrne et al. 2008); however, Byrne et al. (2008) found a prevalence of Bd in 
Eurycea cirrigera to be much higher (42%) than found in this study. The two other 
positive samples came from Desmongnathus monticola and Eurycea wilderae, which is 
consistent with two other studies completed in western North Carolina and Virginia 
(Hossack et al. 2010; Parrott et al. 2016). Parrott et al. (2016) suggests a presence of Bd in 
Desmongnathus monticola and Eurycea wilderae in western North Carolina to be 9.1% 
and 10%, respectively. Hossack et al. (2010) did not state the percent prevalence of Bd in 
Desmongnathus monticola, specifically, and Eurycea wilderae was not a part of the study. 
Prevalence of Bd in species found in this study is consistent with previous studies (Byrne 
et al. 2008; Hossack et al. 2010; Parrott et al. 2016). The discrepancy for the rate of Bd 
prevalence in each species of this study and in the literature I propose could be due to the 
locality differences and the small sample size of each species in this study.  
The findings of this study suggest that Bd is present in both impacted and non-
impacted watercourses. This result correlates with the findings of Saenz et al. (2015) 
because both studies find Bd across both impacted and non-impacted streams. However, 
this study cannot fully support or deny the claim made by Saenz et al. (2015) concerning a 
higher incidence of Bd in forested areas due to small sample size of positive Bd animals 
(i.e., three). However, this study suggests that Bd has the ability to persist in both 
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impacted and non-impacted watercourses, and more studies need to be conducted to be 
able to state that urban streams have a lower prevalence of Bd.  
The three positive samples in this study came from the two watercourses with the 
least open or most closed canopy coverage—Prentice Cooper Wildlife Management Area 
and Stringers Branch; therefore, this study could support the idea that a more closed 
canopy cover has a higher possibility to harbor Bd. This study suggests that the Bd is more 
common in higher canopy cover areas because it is possible that the shaded habitat 
provides a more ideal circumstance for Bd to persist. However, an exact correlation could 
not found because of the small number of positive sample (i.e, three). Finding a higher 
prevalence of Bd in watercourses with increased canopy cover parallels with Becker et al. 
(2012) and Raffel et al. (2010). It is interesting to note that the relationship between 
canopy cover and Bd prevalence found in this study completed in southeast Tennessee 
parallels with the conclusions of two studies completed in two northern states (Becker et 
al. 2012; Raffel et al. 2010; Appendix B provides an insight into the description of canopy 
cover and ground cover at each site of collection; Appendix C serves as a visual of each of 
the watercourses surveyed).  
This study does not have enough individuals of each species to make assumptions 
about any specific species tendency to harbor Bd; however, a previous study notes that 
immune responses play a role in resistance to Bd, and the diversity among intrinsic 
species-specific immune responses may be the reason for varied disease sensitivity 
(Woodhams et al. 2007). Another study shows that bacteria isolated from amphibian skin 
have the ability to inhibit Bd; therefore, the variation among amphibian species-specific 
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bacteria may also play another role in species susceptibility to Bd (Harris et al. 2006). 
These studies (Harris et al. 2006; Woodhams et al. 2007) provide a possible reason for 
why some individuals in the same watercourse as a Bd positive individual might not be 
positive for Bd.  
Even though this study is limited by a small sample size, occurred over a narrow 
period of time, and surveyed a limited number of watercourses, the work done for this 
project increases the reservoir of knowledge available concerning the characteristics of 
Batrachochytrium dendrobatidis in southeastern Tennessee. Specifically with the 
information gained from this study, more informed mitigation protocols concerning 
Batrachochytrium dendrobatidis can be enforced to protect the biodiversity of 
amphibians. For example, more specific and strict protocols could be enforced for 
watercourses classified as having dense canopy cover due to the possibility that increased 
canopy cover promotes increased Bd prevalence.  
The future direction and conservation methods associated with Bd need to be one 
of action (Woodhams et al. 2011). For example, mitigation protocols concerning Bd need 
to be implemented instead of just solely monitoring the prevalence of Bd in different 
areas. Since this study parallels the findings of other studies that high canopy cover areas 
are more likely to harbor Bd, an appropriate place to start Bd mitigation efforts would be 
in shaded watercourses. Two different types of mitigation efforts could be started in the 
more shaded watercourses. For example, since Prentice Cooper Wildlife Management 
Area has a shaded habitat and is a known Bd positive area, they could post signs on site 
and an announcement on their website in order to educate their visitors about Bd. The 
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signs and announcement should showcase the importance of amphibian diversity, the 
severity of Bd, the role humans play in spreading Bd, and the steps visitors could take to 
prevent tracking Bd from one watercourse to another. Mitigation efforts would be most 
effective if Prentice Cooper Wildlife Management Area provided an approved disinfectant 
at each trailhead and posted signage on how to minimize the spread of Bd. The second 
mitigation effort could focus on transplanting anti-chytrid flora onto amphibians in high 
canopy areas like Stringers Branch or Prentice Cooper Wildlife Management Area (Harris 
et al. 2006). Harris et al. (2006) suggests that anti-chytrid microbes could be isolated and 
grown from resistant individuals and transferred via inoculation to other individuals 
(Harris et al. 2006). Before the transplantation of anti-fungal flora can be tested in wild 
habitats, a couple of possibilities need to be tested in the lab first: the ability of anti-fungal 
flora to survive on multiple amphibian assemblages, the mutation ability of the anti-
chyrtid bacteria, and the interaction between the anti-fungal flora and other flora already 
present on amphibian assemblages. Both of these proposed mitigation efforts have the 
ability to reduce Bd prevalence. A reduction in Bd prevalence would result in the 
protection of amphibian biodiversity. 
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Appendix A: Pictures of Individuals Sampled in This Study 
 
A              B        C 
           
 
Figure 1A: Images A-C are Eurycea cirrigera sampled from Ryall Springs Branch. 
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Figure 2A: This is a picture of a Desmongnathus fuscus sampled from Ryall Springs 
Branch. 
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Figure 3A: Images A-D are specimens Desmongnathus ocoee sampled at Ryall Springs. 
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Figure 4A: Images A-B are both Desmongnathus monticola surveyed from Ryall Springs 
Branch. 
 
   
 
 * Sample 05 is not pictured; however, with the aid of Dr. Thomas Wilson, the 
identification was made as Eurycea cirrigera at Ryall Springs. 
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Figure 5A: Images A-L are Desmongnathus ocoee collected at Prentice Cooper Wildlife 
Management Area. 
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Figure 6A: This picture is a Eurycea wilderae collected from Prentice Cooper Wildlife 
Management Area. 
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Figure 7A: Images A-C are Desmongnathus monticola collected from Prentice Cooper 
Wildlife Management Area. 
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Figure 8A: This picture is a Pseudotriton ruber collected from Prentice Cooper Wildlife 
Management Area. 
 
   
 
*Sample 011 is not pictured; however, with the aid of Dr. Thomas Wilson, the 
identification made at Prentice Cooper Wildlife Management Area as a Desmongnathus 
monticola. 
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Figure 9A: Images A-F are Eurycea cirrigera collected at South Suck Creek 
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Figure 10A: Images A-B are Desmongnathus fuscus collected at South Suck Creek. 
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Figure 11A: Images A-F are Eurycea cirrigera collected at Stringers Branch.  
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Figure 12A: Images A-B are immature Desmongnathus monticola collected at Stringers 
Branch. 
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Appendix B: Canopy and Habitat Coverage at each collection site 
  
Table 1B: Canopy and habitat coverage at each collection site at South Suck Creek and 
an additional site at a random angle and meter distance from the capture site. 
Date-
sample 
number 
Identification % Open 
canopy 
cover at 
collection 
site 
% Habitat 
cover at 
collection 
site 
% Open 
canopy 
cover at a 
random 
site 
% Habitat 
cover at a 
random site 
Direction 
of 
Random 
site from 
collection 
site 
7/1/16-01 E. cirrigera 65.52% 81% cobble, 
19% boulder 
Data not 
taken 
72% open 
water, 28% 
limestone 
30° 
10 meters 
7-1-16-02 E. cirrigera 58.24% 95% cobble, 
5% open 
water 
65% 63% 
boulders, 
37% open 
water 
115° 
4.5 
meters 
7-1-16-03 E. cirrigera 21.84% 83% cobble, 
17% open 
water 
50.44% 100% open 
water 
63° 
2 meters 
7-1-16-04 E. cirrigera 43.42% 61% 
boulder, 
28% cobble, 
11% open 
water 
59.54% 82% 
boulder, 
18% cobble 
213° 
8 meters 
7-1-16-05 E. cirrigera 58.50% 55% open 
water, 37% 
boulder, 8% 
cobble 
63.18% 53% 
boulders, 
47% open 
water 
28° 
5.5 
meters 
7-1-16-06 E. cirrigera 60.58% 90% cobble, 
10% open 
water 
63.96% 53% 
boulder, 
33% cobble, 
14% open 
water 
172° 
5 meters 
8-8-16-01 D. fuscus 1.82% 83% 
boulder, 
12% cobble, 
5% open 
water 
3.12% 87% 
boulder, 
13% cobble 
45° 
5 meters 
8-8-16-02 D. fuscus 1.82% 81% 
boulder, 
16% cobble, 
3% open 
water 
1.04% 91% 
boulder, 9% 
open water 
72° 
8 meters 
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Table 2B: Canopy and habitat coverage at each collection site at Stringers Branch 
and an additional site at a random angle and meter distance from the capture site.      . 
Date-
sample 
number 
Identification % Open 
canopy 
cover at 
collection 
site 
% Habitat 
cover at 
collection 
site 
% Open 
canopy 
cover at a 
random 
site 
% Habitat 
cover at a 
random 
site 
Direction 
of Random 
site from 
collection 
site 
6-18-16-01 E. cirrigera 3.64% 82% open 
water, 10% 
cobble, 8% 
woody 
debris 
7.28% 55% green 
leafy 
debris, 30% 
open water, 
15% coarse 
woody 
debris 
22° 
1.5 meters 
6-18-16-04 E. cirrigera 13.52% 54% 
cobble, 
46% open 
water 
20.02% 59% open 
water, 23% 
woody 
debris, 7% 
cobble, 6% 
green 
vegetation, 
5% large 
rocks 
255° 
5 meters 
6-18-16-05 E. cirrigera 13.52% 54% 
cobble, 
46% open 
water 
5.72% 90% green 
vegetation, 
10% woody 
debris 
146° 
8 meters 
7-7-16-01 E. cirrigera 3.38% 80% 
shallow 
water with 
cobble 
bottom, 
20% big 
rocks 
9.88% 73% woody 
debris, 21% 
open water, 
6% 
artificial 
substrate 
38° 
3 meters 
7-7-16-02 E. cirrigera 3.38% 80% 
shallow 
water with 
cobble 
bottom, 
20% big 
rocks 
5.2% 64% 
concrete, 
19% green 
vegetation, 
12% woody 
debris, 5% 
artificial 
substrate 
96° 
5.5 meters 
7-7-16-03 D. monticola 
(immature) 
3.38% 80% 
shallow 
water with 
6.75% 100% green 
vegetation 
190° 
7.5 meters 
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cobble 
bottom, 
20% big 
rocks 
7-7-16-04 D. monticola 
(immature) 
3.38% 80% 
shallow 
water with 
cobble 
bottom, 
20% big 
rocks 
21.06% 67% green 
vegetation, 
33% open 
water 
236° 
6 meters 
7-7-16-05 
 
E. cirrigera 3.38% 80% 
shallow 
water with 
cobble 
bottom, 
20% big 
rocks 
3.12% 86% 
cobble, 
14% open 
water 
102° 
6 meters 
7-7-16-06 E. cirrigera 3.38% 80% 
shallow 
water with 
cobble 
bottom, 
20% big 
rocks 
51.74% 52% large 
rocks, 40% 
green 
vegetation, 
8% open 
water 
354° 
9 meters 
 
 
 
 
 
 
 
 
 
 
 
 
 
PREVALENCE	  OF	  BATRACHOCHYTRIUM	  DENDROBATIDIS	  (BD)	  IN WATERCOURSES 
SITUATED IN SOUTHEAST TENNESSEE 
71	  	  
Table 3B: Canopy and Habitat Coverage at each Collection Site at Ryall Springs Branch 
and an Additional Site at a Random Angle and Meter Distance from the Capture 
Site 
 
Date-
Sample 
Number 
Identification 
Known 
% open 
canopy 
cover 
Known 
% habitat 
cover 
Random 
% open 
canopy 
cover 
Random 
% habitat 
cover 
Direction 
of 
Random 
site from 
collection 
site 
6-02-16-
02 E. cirrigera 0.24% 
57% open 
water, 
43% 
cobble 
2.60% 100% open water 
131° 
11.5 
meters 
6-02-16-
03 D. monticola 3.64% 
54% open 
water, 
46% 
cobble 
26.26% 
85% green 
vegetation, 
15% 
woody 
debris 
302° 
8 meters 
6-02-16-
04 D. fuscus 0.26% 
41% 
artificial 
substrate, 
25% open 
water, 
21% 
cobble, 
13% 
woody 
debris 
7.80% 
53% 
cobble, 
47% open 
water 
181° 
12 meters 
6-02-16-
05 E. cirrigera 0.26% 
41% 
artificial 
substrate, 
25% open 
water, 
21% 
cobble, 
13% 
woody 
debris 
7.80% 
53% 
cobble, 
47% open 
water 
181° 
12 meters 
6-21-16-
01 D. ocoee 8.84% 
52% 
cobble, 
48% open 
water 
2.08% 
100% 
green 
vegetation 
36° 
11 meters 
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6-21-16-
02 D. ocoee 12.74% 
93% 
cobble, 
7% open 
water 
4.42% 
85% open 
water, 
15% green 
vegetation 
24° 
6.5 meters 
6-21-16-
03 D. ocoee 9.36% 
54% 
cobble, 
38% open 
water, 8% 
woody 
debris 
3.64% 
85% leaf 
litter, 15% 
green 
vegetation 
84° 
4 meters 
6-21-16-
04 E. cirrigera 7.28% 
81% 
cobble, 
12% open 
water, 7% 
woody 
debris 
Data not 
taken 
75% sandy 
cobble, 
17% 
woody 
debris, 8% 
green 
vegetation 
125° 
5 meters 
6-21-16-
05 D. ocoee 7.80% 
52% open 
water, 
38% 
cobble, 
10% 
woody 
debris 
2.86% 100% cobble 
310° 
3 meters 
6-21-16-
06 E. cirrigera 8.06% 
62% 
cobble, 
38% open 
water 
8.06% 100% open water 
108° 
9 meters 
6-21-16-
07 D. monticola 15.60% 
53% 
woody 
debris, 
35% open 
water, 
12% 
cobble 
16.12% 
90% 
woody 
debris, 6% 
open 
water, 4% 
artificial 
substrate 
20° 
3.5 meters 
 
 
 
 
 
 
PREVALENCE	  OF	  BATRACHOCHYTRIUM	  DENDROBATIDIS	  (BD)	  IN WATERCOURSES 
SITUATED IN SOUTHEAST TENNESSEE 
73	  	  
Table 4B: Canopy and Habitat Coverage at each Collection Site at Prentice Cooper 
Wildlife Management Area and an Additional Site at a Random Angle and Meter 
Distance from the Capture Site  
 
Date-
Sample 
Number 
Identification Known 
% open 
canopy 
cover 
Known % 
habitat 
cover 
Random 
% open 
canopy 
cover 
Random % 
habitat cover 
Direction 
of 
Random 
site from 
collection 
site 
6-14-16-
02 
D. conanti 5.98% 52% sand, 
19% 
limestone, 
15% leaf 
litter, 14% 
cobble 
7.02% 64%limestone, 
25% mud, 
11% cobble 
covered by 
leaf litter 
273° 
5.5 meters 
6-14-16-
03 
E. wilderae 5.98% 52% sand, 
19% 
limestone, 
15% leaf 
litter, 14% 
cobble 
7.02% 64%limestone, 
25% mud, 
11% cobble 
covered by 
leaf litter 
273° 
5.5 meters 
6-14-16-
04 
D. monticola 3.64% 71% mud, 
24% 
limestone, 
5% cobble 
5.72% 77% 
limestone, 
19% cobble, 
4% woody 
debris 
25° 
4.5 meters 
6-14-16-
05 
D. monticola 7.54% 51% 
limestone, 
33% 
cobble, 
16% open 
water 
3.38% 100% leaf 
litter 
99° 
8 meters 
6-14-16-
06 
D. conanti 5.46% 51% 
limestone, 
33% 
cobble, 
16% open 
water 
3.38% 100% leaf 
litter 
99° 
8 meters 
6-14-16-
07 
D. monticola 5.98% 57% 
limestone, 
17% leaf 
litter, 14% 
mud, 12% 
cobble 
4.68% 80% 
limestone, 
20% leaf litter 
59° 
12 meters 
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6-14-16-
09 
D. conanti 6.24% 34% leaf 
litter, 30% 
open 
water, 20% 
limestone, 
16% 
artificial 
debris 
13.12% 100% leaf 
litter 
7°  
15 meters 
6-14-16-
10 
P. ruber 6.24% 34% leaf 
litter, 30% 
open 
water, 20% 
limestone, 
16% 
artificial 
debris 
13.26% 100% leaf 
litter 
7°  
15 meters 
6-14-16-
11 
D. monticola 11.18% 38% mud, 
37% open 
water, 25% 
woody 
debris 
18.98% 80% green 
vegetation, 
12% mud, 8% 
open water 
146° 
1.5 meters 
6-14-16-
13 
D. conanti 7.02% 39% 
limestone, 
36% 
cobble, 
11% mud, 
10% open 
water, 
4%woody 
debris 
8.84% 100% green 
vegetation 
114° 
10 meters 
6-14-16-
14 
D. conanti 7.02% 80% 
limestone, 
12% open 
water, 8% 
cobble 
3.9% 88% leaf litter, 
7% green 
vegetation, 
5% limestone 
254° 
7 meters 
6-24-16-
01 
D. conanti 1.82% 90% 
limestone, 
10% open 
water 
10.4% 95% 
limestone, 5% 
mud/ cobble 
87° 
7 meters 
6-24-16-
02 
D. conanti 8.06% 82% 
limestone, 
18% open 
water 
8.06% 64% 
limestone, 
26% green 
vegetation, 
10% leaf litter 
54° 
7.5 meters 
6-24-16-
03 
D. conanti 2.86% 90% 
limestone, 
2.26% 83% limestone 
covered in 
63° 
1 meter 
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10% open 
water 
mud, 17% 
woody debris 
6-24-16-
04 
D. conanti 3.9% 55% 
limestone, 
45% 
cobble 
4.94% 73% 
limestone, 
23% green 
vegetation, 
4% woody 
debris 
147° 
4 meters 
6-24-16-
05 
D. conanti 3.9% 55% 
limestone, 
45% 
cobble 
1.04% 92% leaf litter, 
8% cobble 
203° 
4.5 meters 
6-24-16-
06 
D. conanti 1.30% 84% 
limestone, 
16% open 
water 
4.94% 66% leaf litter 
covered in 
dirt, 22% 
limestone, 
12% green 
vegetation 
345° 
6.5 meters 
6-24-16-
08 
D. conanti 1.56% 62% open 
water, 30% 
limestone, 
5% green 
vegetation, 
3% leaf 
litter 
3.38% 68% 
limestone, 
23% leaf litter, 
9% green 
vegetation 
225° 
1.5 meters 
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Appendix C: Photographs of Represented Habitat 
 
 
   A      B 
    
       
 
Figure 1C: Photographs A-B are of South Suck Creek. 
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Figure 2C: Photographs A-B are of Stringers Branch. 
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Figure 3C: Photographs A-B are of Ryall Springs Branch. 
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Figure 4C: Photographs A-B are of Prentice Coopers Wildlife Management Area’s 
Crater Lake. 
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Appendix D: Spectrometer readings  
 
Table 1D: This Table Contains Field Accession labels converted to Laboratory Labels 
Described by the Spectrometer Readings of the First and Second Elution Products 
and the Elution used in PCR. 
Sample Lab number 
First Elution 
(!"#!"# /conc. ) Second Elution (!"#!"# /conc. ) Elution used  
MN6-02-16-02 8 6.34 / 1.2 ng/ul 7.05 / 1.2 ng/ul First 
MN6-02-16-03                    9 8.68 / 2.2 ng/ul 2.33 / 2.1 ng/ul           Second 
MN6-02-16-04                  10 2.6 / 1.7 ng/ul 2.48 / 2.4 ng/ul           Second 
MN6-02-16-05                  11 4.52 / 1.2 ng/ul -0.96 / 0.3 ng/ul                First 
MN-6-14-16-02 13 2.78 / 2.9 ng/ul 3.84 / 2.1 ng/ul First 
MN-6-14-16-03 14 1.7 / 2.78 ng/ul 1.59 / 2.1 ng/ul  Second 
MN-6-14-16-04 15 1.43 / 14.6 ng/ul 1.65 / 6.6 ng/ul First 
MN-6-14-16-05                  16 1.5 / 25 ng/ul 1.66 / 11 ng/ul                First 
MN-6-14-16-06 17 5.06 / 2.0 ng/ul 5.13 / 1.5 ng/ul First 
MN-6-14-16-07 18 3.09 / 1.7 ng/ul 5.35 / 1.8 ng/ul First 
MN-6-14-16-09 20 1.7 / 6.1 ng/ul 2.38 / 2.9 ng/ul First 
MN-6-14-16-10 21 1.52 / 10.9 ng/ul 1.82 / 3.7 ng/ul Second 
MN-6-14-16-11 22 3.19 / 4.3 ng/ul 3.25 / 3.7 ng/ul First 
MN-6-14-16-13 24 4.78 / 0.5 ng/ul 7.98 / 3.7 ng/ul Second 
MN-6-14-16-14 25 3.65 / 5.1 ng/ul 5.45 / 3.2 ng/ul First 
MN-6-18-16-01 26 2.6 / 2.3 ng/ul 2.91 / 1.5 ng/ul First 
MN-6-18-16-04 29 1.72 / 2.2 ng/ul 1.96 / 2.3 ng/ul Second 
MN-6-18-16-05 30 1.95 / 1.9 ng/ul 2.54 / 1.7 ng/ul First 
MN-6-21-16-01 31 2.26 / 1.8 ng/ul 1.75 / 2.3 ng/ul Second 
MN-6-21-16-02 32 2.54 / 1.6 ng/ul 2.0 / 1.3 ng/ul Second 
MN-6-21-16-03 33 3.47 / 2.1 ng/ul 4.47 / 1.9 ng/ul First 
MN-6-21-16-04 34 2.4 / 2.1 ng/ul 1.91 / 2.1 ng/ul Second 
MN-6-21-16-05 35 2.95 / 1.9 ng/ul 2.64 / 1.8 ng/ul Second 
MN-6-21-16-06 36 2.11 / 2.0 ng/ul 2.96 / 2.0 ng/ul First 
MN-6-21-16-07 37 2.1 / 1.7 ng/ul 3.04 / 1.9 ng/ul First 
MN-6-24-16-01 38 2.73 / 1.9 ng/ul 2.45 / 1.3 ng/ul Second 
MN-6-24-16-02 39 2.58 / 1.7 ng/ul 5.06 / 2.1 ng/ul First 
MN-6-24-16-03 40 2.73 / 2.4 ng/ul 2.34 / 2.4 ng/ul Second 
MN-6-24-16-04 41 2.69 / 2.2 ng/ul 1.96 / 1.7 ng/ul Second 
MN-6-24-16-05 42 1.64 / 2.1 ng/ul 2.27 / 2.4 ng/ul First 
MN-6-24-16-06 43 2.01 / 2.2 ng/ul 2.1 / 1.1 ng/ul First 
MN-6-24-16-08 45 1.56 / 2.0 ng/ul Not Taken First 
MN-7-1-16-01 46 1.85 / 5.5 ng/ul 1.59 / 1.8 ng/ul First 
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MN-7-1-16-02 47 4.87 / 2.0 ng/ul 2.87 / 2.2 ng/ul Second 
MN-7-1-16-03 48 1.73 / 2.6 ng/ul 1.81 / 1.2 ng/ul Second 
MN-7-1-16-04 49 3.68 / 1.9 ng/ul 1.69 / 3.6 ng/ul Second 
MN-7-1-16-05 50 5.26 / 0.7 ng/ul 1.13 / 0.7 ng/ul Second 
MN-7-1-16-06 51 1.4 / 1.3 ng/ul 1.2 / 1.1 ng/ul First 
MN-7-7-16-01 52 2.45 / 1.8 ng/ul 6.8 / 0.8 ng/ul First 
MN-7-7-16-02 53 3.5 / 1.8 ng/ul  1.92 / 1.9 ng/ul Second 
MN-7-7-16-03 54 1.96 / 1.7 ng/ul 1.78 / 1.8 ng/ul Frist 
MN-7-7-16-04 55 4.2 / 1.6 ng/ul 2.05 / 2.1 ng/ul Second 
MN-7-7-16-05 56 2.86 / 2.3 ng/ul 2.08 / 2.7 ng/ul Second 
MN-7-7-16-06 57 3.24 / 1.9 ng/ul 2.18 / 2.0ng/ul Second 
MN-8-8-16-01 59 4.22 / 1.7 ng/ul 3.53 / 0.9 ng/ul First 
MN-8-8-16-02 60 13.08 / 1.2 ng/ul 12 / 2.1 ng/ul Second 
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Table 2D: This Table Contains Field Accession labels converted to Laboratory Labels of Samples 
Collected with the Reason the Sample was Not Used in This Study. 
 
Sample Lab Number Reason 
6-02-16-01 7 Crayfish 
6-14-16-01 12 Sample lost 
6-14-16-08 19 Crayfish 
6-14-16-12 23 Sample dropped 
6-18-16-02 27 Crayfish 
6-18-16-03 28 Crayfish 
6-24-17-07 44 Crayfish 
7-7-16-07 58 Identification unknown 
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